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sTJkMIRY

An investigationofforaed-convectionheattransferwasoon-
ductedwithairflowingthroughanelectricallyheatedplatinure
tubewitha long-approaohentrance,aninsidediameterof
0.525hoh,anda lengthof24’inohesoverrangesofReynoldsnum-
berupto320,000,aveqe inside-tube-walltemperatureupto
3053°R,W inlet-airtemperatureupto1165°R.

Correlationoftheheat-transferdatausingtheconventional
b NusseltrelationwQereinthephysioal‘propertiesoftheairwere

evaluatedattheaveragebulktemperatureresultedinseparation
ofdatawithtube-wall-temperaturelevel.Satisfactorycorrelation

● ofthedatawasobtained,however,byuseofmodifiedcorrelation
~ters whereinthemassvelocityG (or-productofavemgeair
densityandvelocityevaluatedatbulktemperatul?e%Vb) inthe
Reynoldsnuniberwasreplacedbytheproductofaverageairvelocity
evaluatedatthebulktemperatureandthedensityevaluatedat
eithertheaverageinside-tube-walltemperatureortheaveragefilm
tempemture;inaddltfonallthephysicalpropertiesofairwere
correspondinglyevaluatedateithertheaverageinside-tube-wall“
temperatureortheaveragefilmtemperature.

INTRODTXTIO~

Experimentaldataenforced.oonveottonheattransfertoair
flowimginsmoothtubesatsurfacetemperaturesuptoabout2100°R
andaninlet-airtemperatureofabout540°R arepresentedinref-
erences1 and2. Thelowsurface-temperaturedataintheserefer-
emesagreereasonablywellwiththeaveragelineobtainedby

s MoAdamsfrommrrelat,donoftheresultsofvariousinvestigators
(refereme3). Asthesurfaoetempe~tureinoreases,however,the
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dataseparatead.oannolongerbecorrelatedbyuseoftheconven-
tiomllhasseltrelation.Itisfurthershowninreferences1 and2
that,whencertainmodificationsareappliedtotheoonvention41
methodofcorrelation,thedataforallsurfacetemperaturesfall
together,resultingingoodcorrelationovertheentirerangeof
oond.itionsinvestlgatedoThedataareextetiedinreferenoe4 to
inoludetheeffectofvariousentranceconfigurations.

Inordertolnoreasetherangeofsurfacetemperature,heat-
transferdatawereobtainedwithairflowingthroughaneleotricall.y
heatedsilioon,carbidetubeatsurfaoetemperaturesupto2500°R
(referenoe5). Thesedatawerethoughttobesomewhatunreliable,
however,beoaueethesiliconoarbidetubewasrough,porous,andof
uncertaineffeotiveheat-transferlength.Accordingly,therange
ofhighsurfacetemperatureswasreinvestigatedwitha platimm
tubead theresultsarereportedherein.Thedatacoverranges
of surfaoetemperatureupto3053°R andinlet-airtemperaturefrom
540°to11.65°R.

APPARATm

A schematiodiagramoftheheatertubeaniassociatedcom-
ponentsoftheairandelectrloalsystemsusedinthisinvesti-
gationisshowninfigure1. A photographoftheheater-tube
installationisshowninfigure 2. Thesetup,ingeneral,was
similartothoseofreferences1,2,4,ati5.

EeaterTube

Theheatertube,detailsofwhiohareshowninfigure3,con-
sistedofa platinumtubehavinganinsidediameterof 0.525inoh,
awallthlolmessof0.080inch,andaneffectiveheat-transfer
lengthof24inohes.Bo&hendsoftheplatinumtubeweresilver-
solderedintospeoiallyfabricatedoopperbushings,whiohinturn
weresilver-solderedto~onel flsqes.Althoughtheelectrical
leadswereattachedtothefiuonelflanges,theresistanceofthe
flangesad.oopperbushingswasnegligiblecomparedtothat ofthe
platinmtubeandthereforetheeffectiveheat-transferlengthwas
consideredtobethe24-inchle~h ofplatinumonly.Anapproaoh
seotionwitha lengthof24inohesand~ insidediameterof
0.525inohwasattachedtotheinletendofthe heatirtube.Meas-
urementsoftheapproaoh-seotion-walltemperatureMioatedthat
warmingofthissectionbyoonduotionlossesfromtheheater-tube
me res~t~ tia =X- inoreaseininlet-airtemperatureof
lessthan1 peroent.



●

s

!s
8

l&lCARME50H23

Theheatertubewasthermal.lyinsulatedfromtheatmos~here
bythreeconcentricstainless-steelradiationshieldswithinsu-
latingsandfillingthes~cesbetweentheshields.Thetotal
thicknessofinsulationandshieldingwas~ inches.

.

Ihasmuchaslocaloutside-tube-walltemperaturesof3000°1?
werecontemplated(andactuallymeasured),occasionalthermocouple
failureswereanticipated.Accordingly,ringcontact-typethermo-
coupleswereusedtofacilitatereplacementandtoavoidmarring
thesurfaceoftheplatinum.Theplatinum- platinum-rhodiumther-
mocouplesusedwerelocatedat2-inchintervalsalongthelength
oftheheatertubewithoneadditionalthermocouple,located
3/16inchoutsidebaohetiofthe heatertube,peenedintothe
copperbushings(fig.3). Thethermocoupleswerefabricatedby
butt-weldingthetwo dissimilarwires,hold- thejunctionon
thetubesurface,andwrappingeachwirehalfway~oundthetube.
Thetwowireswerethendrawnthrougha two-holeceramictubefrom
thetestsectionata pointdiametricallyoppositethejunctionas
maybeseeninfigure2. Thewireswerespring-loadedtomafitaln
severalouncesofforcetoholdthejunctionagainstthetubewall.
Thetemperatureindicatedbythisthermocouplearrangementwas
foundtobeIngoodagreementwiththatindicatedbya conventional
peened-typethermocouplewhencheckedinanUuotionfurnaceover
a rangeoftemperaturesupto2500°R.

AirandElectricalSystems

Airsystem.-Asshowninfigure1,compressedairwassupplied
througha pressure-regulatingvalve,filter,heater,andtwoA.S.M.1#.
typeflat-plateorificesinseriestotheinlettank.Fromtheinlet
tank,theairpassedthroughtheapproachsection,theheatertube,
andthenintothemixingtankfromwhichitwasdischargedtothe
atmosphere.Theinlettank,mixingtank,andentranceandexit
pipingadjoiningtheheatertubewerethermallyinsulated.

3

Thetemperatureoftheatienteringtheheatertubewasmasured
bya silver-shieldedradiation-typethermocouplelocatedintheinlet
tank.Thetemperatureoftheairleavingtheheatertubewasmeas-
uredbytwochromel-alumelthermocoupleslocatedimmediatelydown-
streamofa setofmixingbafflesinthemixingtank.

.
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Electricalsystem.-
describedinreference5.
froma 208-volt,60-cycle

NACARME50H23

Theelectricalsystemwassimilartothat
Powerwassuppliedtotheheatertube
supplylinesteppeddowntothedesired

valuethrougha-transformerandtwosaturablereactors.Thecapac-
ityoftheelectricalequipntwas25kilovolt-ampereseata msxi-
Inmof10volts.Thepowerwasmeasuredbya wat~+meterconnected
tothetube,asshowninfigure1.
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SYMBOLS
1

me followingsymbolsareusedinthisreport:

speo~ficheatofairatconstantpressure,(Btu/(2b)(%’))

insidediameterofheatertube,(ft)

massvelocity(massflowperunitcross-sectionalarea),
(lb/(&)(sqft))

average

thermal

thermal

rateof

heat-transfercoefficient,(Btu/(hr)(sqft)(%’))

conductivityofair,(Btu/(hr)(sqft)(%’/ft))

co~uctivityofplatinum,(Btu/(hr)(,sqft)(%/ft))

heattransfertoair,(Btu/hr)

effectiveheat-transferareaofheatertube,0.275(sqft)

totaltemperature,(OR)

averagebulk”temperatureequaltoavemgeofentrance
andexittotaltemperatures,(%)

averagefilmtemperatureequaltohalfthesumofaverage
bulkandaverageinside-tube-walltemperatures,(%)

averageinsfde-tu.be-walltempenture,(%)

velocity,(ft/hr)

airflow,(lb/hr)

absoluteviscosityofair,(lab/)

—
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P density ofah, (lb/cuft)
&

hD/k ITusseltnumber

t4 cp~/k Prandtlnumber

I)G/p Re~oldsnmiber

f3#@/~ mqiifiedfilmReynoldsnumber

PsVbD/VsmodifiedsurfaceReynoldsnumber

Subscripts:

1 heater=tpbeentrance

2 “ heater-tubeexit

0+ outsidesurfaceofheatertube

b bulk(whenappliedtoproperties,indicatesevaluation
ataveragebulktemperature)

f film(whenappliedtoproperties,indicatesevaluation’
ataveragefilmtemperature)

s surface(whenappliedtoproperties,indicatesevaluation
ataverageinside-tube-wall~temperature)

PROCEDUREANDMEJ?HODOFCALOULATIOI9

ExperimentalProcedure

Theexpertientalprocedure,whichissimilartothatused
inreferences1,2,4,ah 5,isbrieflyreviewedasfollows:
Theairflowthroughtheheatertubewasadjustedtothedesired
valueofRemoldsnumberatcertainvaluesofinlet-airandaverage
surfacetemperatures.Whenconditionsreaohedequilibrium,the
datawererecorded.Thisprooedurewasthenrepeated,maintaining
theinlet-airandsurfacetemperaturesconstantuntilthedesired
rangeofReynoldsnumiberwascoveredfora seriesofvaluesof
“inlet-airamdsurfacetemperatures.
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Datawereobtainedoverrangesof Reynoldsnumberfromabout
20,000to320,000,averageinside-tube-walltemperatureupto
3053°R, inlet-airtemperatureupto1165°R,andheat-fluxden-

b

sityupto145,000Btuperhourpersquarefoot.
~
ii

MethodofCalculation

Inthemethdofcalculation,thephysicalpropertiesofthe
atiusedincorrelatingthedataarethesameasthosepresentedin
reference5;tbepertinentrelationsare,however,givenfor
convenience.

Heat-transfercoefficients.- Theaverageheat-tnnsfercoef-
ficienth iscomputedfromtheexperimentaldataby.therelation

h =wcpb(T2 - Tl)

S(TS- Tb)
(1)

ThebulktemperatureTb isdefinedastheaverageoftheheater-
tube-entranceand-exittotiltemperatureT1 and T2,respectively.

Theaverageinside-tube-wall
therelation

●

T~.To-

temperatureTa isoomputedfrom

0.012L
%

(2)

Equation(2)wasobtainedbysubstitutingthephysicaldimensions
oftheplatinumtubeInanequationderived(reference6)withthe
assmrptionethatheatisuniformlygeneratedacrossthetubewall
andthatheatflowisdirectedradiallyinward.Theoutside-tube-
walltemperatureTo isobtainedframintegrationofaxial-
temperature-distributioncurvesandthethermalconductivityof
platinum~ maybecloselyapproximatedbetweenthetemperatures
of700°to3100°R bytherelation .

~ =0.0062Ta+37.7 (3)

Thestraight-lineequation(equation3)bestfitsthedataof
referenoe7 betweenthestatedtemperatureHmlts. .

1
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Correlationofheat-transferdata.- Thedataarefirstcor-
relatedintheconventionalmannerbytheIhzsseltrelation

%’=‘w (an (4)

where(~/k)/(~w/k)‘“4 isplottedagainstIIG/~tofietemine
experimentallytheoonstantC @ theexponentm;thee~nent
n 1stakenas0.4;andthephysioalPropertiesoftheairare
evaluatedatthebulktemperature.

7

Correlationofthedataisgreatly*proved,however,byuse
ofmcdifiedcorrelationparameterswhe~einthemassvelocityG
(Or~bvb) intheRewlds numberIsreplacedbytheproduotof
averageairvelooityevaluatedatthebulktemperatureandthe
densityevaluattiateithertheaverageinside-tube-walltempera-
tureortheaveragefilmtemperature;inadditionallthephysical
propertiesofairarecorrespondinglyevaluatedateitherthe
averageinside-tube-walltemperatureortheaveragefilmtemperature.
Theaveragefilmtemperatureisdefinedashalfthesumofthe
averagebulkd averagesurfaoetemperatures.Themodifiedsur-
faceReynoldsnumberis

–=(%$x%)=[3(%2)p8v#
Vs

andthemcilifiedsurfaceI?usseltrelationis

(38(-r(w)%
SWlarly,themodifiedfilmNusseltrelationis

(5)

(6)

(7)

h ~mtio~ (6)and(7),theconstantsCs and Cf andthe
exponents~ and ~ areexperimentallydeterminedandthe
exponentsns and ~ aretakenas0.4.



NACARME50H23
.

RllHUUBAJ9DDIBCIHS1ON

CorrelationofDataatInlet-AirTemperatureof540°R

Thedataobtainedatanifiet-atitemperatureof540°R are
comparablewiththedatapresentedinreferences1,2,4,and5.

Conventionalcorrelationbasedonbulktemperature.- The
heat-transferdataobtainedata nainalinlet-airtemperatureof
540°R andatsurfaoetemperaturesfrom981°to3053°R arepre-
sentedintheconventionalmannerinfigure4 whereliuss?ltnum-
berdividedby’Prandtlnumbertothe0.4power(@kb )~cp,b~b/kb)0”4
isplottedagainstReynoldsnumber~/~b● Includedforcompmison
istheaveragecurveobtainedbyMcAdams(“reference3).

Ashasbeenshdnpreviously(references1,2,4,and5),the
dataforma familyofparallelcurveswitha ccmmonslopeofabout
0.8abovea Reynoldsnumberofabout25,000.Eachcurverepresents
animiividualsurfacetemperature.Thelowtemperaturedataapproach
McAdems’curve;butassurfacetemperatureisincn?eased,thedata
fallprogressively’belowthereferencecurveuntilata surfacetem-
peratureof3053°R anda Reynoldsnumberof100,000theconven-
tionalmethodpredictsa valueofI’?usseltnumberthatisalmost
100percenttoohigh.

Mcdlfiedcorrelationbasedonsurfacetemperature.-When
Reynoldsnumberismcdifiedinthemannerpreviouslydescribed
andallthephysicalpropertiesoftheah qg?eevaluatedatthe
averagesurfacetemperature,theresultsshowninfigure5 are
obtafied”.Thedata-arethe-sameasinfigure4 and
resultsofreferenoe4. Thecurvethroughthedata
bestfitsthedataofreference4. Theequationof
Reynoldsnumbersabove10,000is

(i9/tpL7”4‘0*024%$’)’”8

agree withthe
iS thatwhioh
thecurvefor

Althoughthecurvewasestablishedfromdataobtatiedatsur-
facetemperaturesuptoabout2100°R,itisvalidforpredicting
heat-transfercoefficientsathighersurfacetemperaturesasindi-
catedbytheagreementbetweenitandthepresentdataforwhich
theaveragesurfacetemperatureswereashighas3053°R.

,

.

●

—

.
.

.
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Modifiedcorrelationbasedonfilmtemperature.- Thedataare
replottedinfigure6whereReynoldsnumberismodifiedasprevi-

8

ouslydescmibed,butallthep~sicalpropertiesoftheati-
inoludingdensityareevaluatedattheaveragefilmtemperature

.Q insteadoftheaveragesurfacetemperature.Theequationofthe
curvedrawnthroughthedataabovea Reynoldsmmiberof M, 000 is

(9)

Thismethtiofcorrelationresultsina maximumscatterof312 per-
centabovea Remoldsnumberof13,000comparedto 24 percentin
figure5.

camperison ofmethodsofevaluatingtheheat-transferdata.-
Therelationbetweenthemethodsofcorrelationusedinfigures4.
to6 isillustratedinfigure7wheretwodatapointsata~erage-
surfacetemperaturesof1511°and3053°R areplottedasdetermined
byallthreemethods.TheordinateisIiusseltnumberdividedby
Prapdtlnumbertothe0.4powerandtheabscissaisReynoldsnumber.
Theequationofthereferencecurveis

Iiusseltnumber 0.8
Prandtlnumber””

= 0.023(Reynoldsnumber) (10)

IfPrandtlnuniberisconsidereda constantinordertofacilitate
explanation,theverticalheightofeitherdatapointonanytem-
peraturebasisisinverselyproportionaltothethermalconduc-
tivityatthetemperatureofevaluation.h otherwords,asthe
temperatureatwhichthethermalcotiuctivityisevaluatedis
increasedfrm bulktosurfaoe,thevalueoftheadinatedecreases.
Similarly,thehorizontaldistanoetotherightofanabscissa
valueofunityisinverselyproportionaltotheproductofabsolute
viscosityandtemperatureofevaluationasmaybeseenfrom
equation(5).

Thefinalresultofincreasingthetemperatureofevaluation
istomovethegivendatapointtotheleftata fasterratethan
inthedowmsrddtiection,thusreducingtheseparationwithsur-
facetemperature.Themagnitudeoftheeffectofmodifyingthe
dataisproportionaltotheaveragesurfacetemperatureatwhich
thedatawereobtained,asindioatedbythefactthatthe3053°R
pointmovesfartherthanthe1.511°R pointwhenundergoingthew samemdiftoation.Theeffectofthemodificationsisthatof
bringingthedataatvariousaveragesurfacetemperaturesto a

d cmmonlinehavinga slopeof0.8.
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CorrelationofElevatedInlet-AirTemperature

Additionalheat-transferdatawereobtainedover
elevatedinlet-airtemeratureafrom760°to1165°R.

NACARME50H23
.

Data
&

a rangeof
Whenplotted

intheconventionalnm&mrwhereinthephysioalpropertieso;the ~airareevaluatedattheaveragebulktemperature,thedataexhib- ~
iteda trendwithsurfacetempemturesimilartothatshowninfig-
Ure4. A slightinlet-air-temperatureeffectwasalsoinevidence
infigure8.

Correlationbasedonsurfacetemperature.- Theelevated.
inlet-air-tempe~turedataareplottedinfigure8 usingmodified
surfaoeReynoldsnumberandevaluatingthephysioalpropertiesof
theairattheaversgesurfaoetemperature.Thecurveshownis
theoneusedtocorrelatethedataobtainedataninlet-airtem-
peratureof540°R infigure5.

Comparisonofdatao’btainedatoneinlet-airtemperature,such
as760°R,withthreeaveragesurfaoetemperaturesshowsthatthis
methodofcorrelationlargelyeliminatesthetrendwithsurface
temperature.Thesoatter,whichisinevidence,isprimarily
believedtobeseparationofdatawithinlet-airtemperature,the
maximumsoatterbeingabout316 percent.Anaveragelinethrough
thedatawouldbeabout12percentbelowthereferenceline. *
Althoughthereasonforseparationofdatawithinlet-airtemper-
atureisunknown,measurementsoftheapproach-section-walltem-
peratureindioatethatthiseffectisnotduetoa changein %

inlet-airtempmaturebetweenthepointwheremeasuredintheinlet
tankandtheheater-tubeentranoe.Theeffectbecomesmorepro-
nouncedatthehigherinlet-airtemperatures.

Correlationbasedonfilmtemperature.- Theelevatedinlet-
air-temperaturedataareagainshowninfigure9usingmodified
filmReynoldsntuiherandevaluatingthephysioalpropertiesof
theairattheaveragefilmtempe=ture.Thecurveshownisthe
oneusedtocorrelatedataobtainedataninlet-airtemperature
of540°R infigure6. Examinationofthedatarevealsthatboth
thestarface-tempe~tured inlet-air-temperaturetrendsaresmall
andthescatterisrtiom. Themaximumscatterisabout&11per-
cent,somewhatlessthanthatevidentinthepreviouscorrelation.
Anaveragelinsthroughthedatawouldbeabout6 percentbelow
thereferenceline.

.
.—
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CorrelationofDstaat@let-AirTemperature
from540°to1165PR

.
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Determinationofconstantinmodidl’iedlfusseltequxition.-All
P theheat-transferdataobtainedoverra~esofaveragesurface
~ tem~eraturefrom981°to3053?R andnminalinlet-airtemperature

from540°tolL65°R areshowninfigure10wheretheordir@eis
(hD/ks)/o.023 B~p,@kJ 0“4(p~V@/v*)O”~ and theabscissais
modifiedsurfaceReymoldsnumberpsVhD/Ws.Valuesoftheordinate
infigure10correspondtotheratiooftheexperimentallydeter-
minedconstantintheITusseltequationdividedby0.023,thevalue
gtveninreferences2 to4. A se~ationofdatawithinlet-air
temperatureisquiteevident.ThedataobtainedatanInlet-air
temperatureof540°R agreeverywellwithaconstantvalueof
0.023.Astheinlet-airtemperatureincreases,however,.theaver-
agevalueoftheconstantdecreasesuntilataninlet-airtemper-
atureof1165°R theconstantshouldbe80peroentof0.023or
0.0184.‘Theaveragevalueoftheconstantforallthedatais
0.0215witha scatteraroundthisvalueof 418percent.

Thedatafromfigure10arereplottedinfigurel.1wherethe
parametersarethesameexceptt~t t@y areevaluatedattheaver-

. agefilmtemperatureinsteadoftheaveragesurfacetemperature.
An inlet-air-temperatti~effeotisalsoseeninfigure11,butits
magnitudeissmallerthanthatinfigure10andnotaswelldefined.d Theaverageconstantforall.thedatais0.823x 0..023orabout
0.019witha scatteraroundthisvalueof fi5percent.Comparing
thesoatterinfigures 10and11leadstotheoonolusionthatthe
mcdified-film-temperaturemethcdofcorrelationissomewhatbetter
thanthemtiified-surface-temperaturemethodwhentheelevated
inlet-air-temperaturedataareconsidered.

Correlationbasedonsurfaoetemperature.- All the data
obtainedinthepresentinvestigationareshowninfigure12
togetherwiththelong-approach-entrancedataofreference4,
where theproductofIiusseltnmiberdividedbyPrandtlnumber
tothe0.4powerisplottedagainstmodifiedsurfaceReynolds
numberandthephysicalpropertiesarebasedonthesurfacetem-
perature.Theequationofthelinebestfittingthedataabove
a Reynoldsnmnberof10,000is

(W($FY”4=0.022P(U)
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Thfsvalueoftheconstantisonlyabout

li4CARME50H23

5 percentbelowthecon-
ventionallyusedva3ueof0.023’b~tismore-representativeofthe
data. Thevalue0.022wasarrivedatbywelghtingallthedata
points(includingthoseobtainedfz’omreference4). As infig-
ure10,themaximumsoatterinthecorrelationabovea Reynolds
numberof10,000isabout*I8peroent;therootmeansquaredevi-
ationfromthelineis,however,only~ percent.

Correlationbasedonfilmtemperature.-3’igure13 isthe
sameasfigure12exoeptthatthephysioalpropertiesoftheair
areevaluatedattheaveragefCbntemperatureinsteadoftheaver-
agesurfaoetemperature.Theequationofthelinebestfitting
thedataabovea Reynoldsnmberof 13,000 is

lhfigure11,

(!$/(-)”4=0””20(
themaximumsoatterinthecorrelationisabout

(12)

415peroent&d therootmeansquaredeviationfromthelineis,
asInftgure12,only~ percent.

CONCLUDIM2RFMARKS

Thedisousslonoffigures12and1.3indloatesthatthemcdified
filmmrrelationissomewhatbetterthanthemdifiedsurfacecor-
relationfromthestandpointofmaximumsoatterofexperhental
data.Itappears,however,thatthemodified-surfaoeandmodified-
fl.lmcorrelationmethuis,respectively,overcorrectandumder-
correotthedata;theUndercorrectionresultsinthesmaller
soatter.Futureinvestigationm3yindiaatethatuseofsome
temperaturebetweensurfaceandfilmwillresultinthebest
oorrelatlon.

UntilthesmallUncertaintiesinthemethodofcorrelation
havebeenexplained,theequationofthelineremmmendedfor.
designpurposesatReynoldsnumbersabove10,000is

.

.

#=o*022(-)”8(’$’&~”4
s
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Theresultsofa heat-transferinvestigationootiuotedwith
1- airflowingthroughanelectricallyheatedplatinumtubewitha
% long-approaohentranoe,aninsidediameterof0.525inch,anda
n) lengthof24inches,overrangesofReynoldsnumberupto

320,000,averageinside-tube-walltemperatureupto3053°R,
inlet-airtemperatureupto1165°R,andheat-fluxdensityupto
145,000Btuperhourpersquarefootshowedthat:

1.Correlationoftheaverageheat-transfercoefficient
accordingtotheconventionalI’Jusseltrelationwhereinthephysical
propertiesoftheairarebased.ontheaveragebulktemperature
resultedinseparationofdatawithsurfaoetemperature.

2.Theheat-transferdataobtainedataninlet-airtemperature
of540°R correlatedbestusingmodifiedcorrelationparameters
whereinthemassvelocityG (orprcduotofaverageairdensity
andvelocityevaluatedatbulktemperature%Vb) intheReynolds
nuulberwasreplaoedbytheproductof averageairvelocityevaluated
atthebulktemperatureandthedensityevaluatedateitherthe
averageinside-tube-walltemperatureortheaverageffi temperature;
inaddition,allthephysioalpropertiesofairwerecorrespondingly
evaluatedateithertheaverageinside-tube-walltemperatureorthe
averagefilmtemperature.

w

3.AlthoughthemcdifiedfilmmrrelationwasslQhtlybetter
thanthemodifiedsurfacecorrelationwhentheheat-transferdata
obtainedatallinlet-airtemperaturesfrom540°t%1165°R were
included,itisbelievedthatmodifiedsurfaoeandmodifiedfilm
correlationsoveroorrectatiumiercorrectthedata,respectively.

4.Untilthesmalluncertaintiesinthemethodofcorrelation
havebeenexplained,theequationofthelinereomtied for
designpurposesatReynoldsnumbersabove10,000is

~=0*022(-)O”8(iT*4s

wh6re

m
~ Ihsseltnumberevaluatedatsurfaoetemperature



NACARMH50H23
9

.

modifiedmrfaoeRe~lds nuiber

Pranitlnmberevaluatedatsurfacetemperature
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